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This report deals with the fl'^ht teats of the   reoupe airplane with 

and without auxiliary Jet pro-^ils'on carried out at *.l»reh field,  r.-il  for"in 

during the neriod August 6 to August 23, 1941, by the Air Corn« Jet Proi'.ilaion 

Research "rojcot at the 'V»l fomin "nstituto of ToohnoioQ'. 

Cant, ir, A.  loushey, Jr., liason officer for the. ^reject, was assigned 

as pilot by the Air Corps ihteriel Oivision, and -«rxoimel for assistin- 

the flicht toots were made available by the Cojirnndinr; Officer at Ifcreh 

field. 

The flight tests represent the first oractical demonstration of the 

possibilities of auxiliary Jet propulsion in the   'nited Ttatns.    These poasi- 

jili' !••  , forseen for a number of years, awaited -he solution of en^ircering 

problens connected with the development of aatinfnrtoiy Jet devices.     Ilie 

present siieoessful flight tests result tisscntlally from the foresight of 

Major General H.  T. Arnold, who supported the initiation of the Air forps 

Jet ' rup ilsion Research "reject  In 199!} under the sponsorship of the Comittoc 

for Air Corps Researoh of the National Academy of    centres. 

The latter committee formed a  :u'—eoram'ttee under the chairmanship 

of Or.   Th. von Ka'ma'n, who has personally direoted the activities of the 

•>rojeet.    The project has boon under the supervision of Dr.  i\ J.  I'r.llm. 

">r.   C.   Tt.  "illiloan and Dr.   H.  J.    'tewnrt were concerned ?/ith tno aer»!yn»!".ir 

aspects lead lie to the flight tests.    The flight test; v;ere witnessed by 

Dr. '•'•'.  i. nurand,  ohairman of the I'.A.CA.  Jet prop'ilsinn committee and 

Lt.  C. P. iischer of the "lurfau of Aeronautics,  'tav;   lonartawnt. 

The a'rthors wish to express their appreciation for the cooperation of 

all the members of the project, especially to "r.  rred "'Her,  research 

assistant on the- solid "rooellant sect on, and to "r   F.  *.  formtin i'or his I 



assistance in carrying out tho flight tests and record is* • tho testa by means 

of colored nrnia- pictures. 

Auxiliary thrust was supplied to the Frcoupe by multiple jet units 

charged with a solid propellant.    The application of a solid propellant in 

the first flight tests does not, at the present stage of development, lead 

to the conclusion that a jet unit utilising a liquid propellant ia inferior. 

In fact, experiments oompleted at the project during the period of the 

Freoupe testa ind'eate that satisfactory operation can be expected of a jet 

unit burning a liquid propellant.    ?lans are being initiated for a 1000 lb. 

thrust installation on an airplane of about 10,000 lb. groaa weight. 

Tho Justification for the choice of the Krcoupe airplane for the 

first flight tests oan bo found in Air Corps Jet Propulsion Research TToJeet 

Peport ?:o.  8 by C.  r'.  Damberg and P,   '.  Dane '.    Th' s report also lnoludes a 

detailed study of the performance and flight characteristics of the Prooune 

and a preliminary design layout of t'.c assembly for installing the jet unTEs^ 

Tho fli-lit tests were carried out mainly to furnish information on 

the fellowin    problems• 

1. Hffect of auxiliary Jet propulsion on the shortening of 

the take-off distance and tine, with and without overload; 

and distance to clear a SO ft.  obstacle without overload. 

2. Fffeot on u ri'lane stability and  control. 

3. rffect of blast from the jet units on the airplane structure. 

In addition to these problems tho effect of aiociliary Jet propulsion 

on level speed  "lij/ht near the oelling of t'te airplane was determined   and 

ti taVo-off with Jot  oropulsion alone wis accom. Halted, 

In Table I the salient no'nta of the flicht tests are suontriscd. 

I 

I       > 
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Item 

' rcoupe 
Without 

Jet Thrust 

Ar.ount of 
Jet Thrust 

Added 
lb. 

•Jew 
Value 
of 
Ttem 

PtffW&fe 
,avinD 

Take-Off mstanec, it. no 170 800 43. E 

Take Off Time, "re. 1E.1 170 7.5 42.6 

P'stnnee to Clour 50 ft.  Obstacle, Ft. 950 1      170 5CC 42.1 

Distance to Take-Off with 285 lb. 
Overload,  Hs. 905 1GC 438 51. G 

Tine to Take-Off with 2B5 lb.  Overload, 
">eo. 18.3 i       166 9. 5 49.4 

'taxiibum Indicated Air :>peed at ll,4fX 
ft, V.P.H. 62 vn 97 56. ri 

{% 1.-- 

dru.'i.: 

On the. basis of the flight tests the follow.nc conclua ens can be 

1.  The solid propellant jet unit  ieliverlne approximately • 5 lb. 

thrust for 12 seconds developed by the project i;ave satisfactory 

performance.    The thrust force was steady during the period of 

action and the reliability of the un'ts  is attested 'jy Vic operation 

of 152 units In succession without failures.    Tie un'ts v:ere used 

within a • criod of about three days after the -rcptllant char; e 

had boer. loaded.     Tests are  underway to determine the effect of 

lout; tint  storage, and alr.n equipment for the preparation and 

testing of slngl« units deliverinc l~iO lb.  Christ is about completed. 

£.  The use of twin assemblies caused no difficulties with stability 

and control.     The pilot rc^nrkod thr.t the viuc'.l 'ar; jot thrust 

rude tho handlinf, of the 'reoupc easier during the whole take-off 

nm.     Control war- sat'sfartory even when one asr. -.lily aleic was 

delivering jet thrust.    These results are especially significant 

since the Trooupe te.-.ti: represented a sealed donn study of the 



off«ot of auxiliary Jot propulsion on aircraft of the type of the 

n-2S. 

S.  The blast fron the jet units had no adverse of foot on the aix-'lane 

structure.     Die duralumin eover of t :r win^ closest to the jet 

blast was only slightly raised in tor.pcrature at the end of the 

operating period of the unit«. 

4. Tho theoret cal analysis of "«•port "o.  |r» b;  C.  n. I illikun and 

H. J.  Stor-'nrt w.s satisfactorily verified so that it can be used 

to prodiot the perfonnr.ee to be expected by the use of auxiliary 

jet propulsion 

5. It appears justified to carry out flight tents  on an airplane liavin,- 

a .;ross weicht of about lC.OfO lb. with an auxiliary Jet thrust 

of tho order of 1000 lb.  supplied by either solid propellant or 

liquid pro"< Jlant Jet units. 

ii   DE?CBTPrTQ?r Or Ti :MO"T ITR :A:T T -••£•' T;: T-T «ITCIT T'~TS 

The rrco»po airplane «ms cude ava'lahle for the flight tevt? !>y tho 

Air Corps ^teriel n vision. It ..us flown by t. *. H. A. ''ouahey, Jr. from 

V/richt field, Dayton, Ohio to liirch field, California. 

The Eroou.jo la a lo.i win,   MOJ o.ilane witii tr cycle  lundinr, t;ear and 

a twin tall as shown in Figure 3.    The entire airvlane is duralumin clad 

with tho exception of thn outer wine panels, which are covered with doped 

fabric.     The fuselage i» of :aonoco<jue type struct :rr.     The nomal propulsive 

unit consists of a fi-ft.  propeller driven bj a Continental inr,ina r.'odcl A—63-3 

ratri "t fi5   forsepewer at 23"0 r.p.m.    A complete description of the Ercoupe 

can be found in Pe^ort So. 8  (loc.   oit,/ 

t'or flights w:th auxiliary jet nro->ulsion provision hal to be nadc 

on tho mrilo.ni- for atts<-hin;   the jet un;ti.     In choosing the location and 

I 



design of the attachment assembly the followin    factors were taken into acoount: 

1. Safety for the pilot and airplane. 

2. Effect on airplane weicht and balance. 

3. ! ffect on airplane flight characteristics. 

4. 'truetural eons!derations including ease of installation. 

5. Effect of jet blast from the jet units. 

«•Hirthormoro, calculations showed that  '.n order to siraulato performance 

characteristics desired for heavier aircraft, of the type of the 'l-AS, about 

15T lb.  thrust should, be added by jet pronula.on to the thrust available from 

the propeller of the Erooupc.    A single jot unit available for the flight 

tests was  capable of delivering approximately 28 lb, thrust for 12 seconds. 

After considering those factors  (of.    i   art "o.  6, loo.  clt.,, It was 

decided to use twe assemblies each incorporating three of the jet units. 

The assembly, which will be described in more detail in Art Til, consiotod 

of a tracl: frame and mounting braoket. 

The two assemblies were attached below the centor seotion of the 

wing, one on each side of the fuielage as shown in figures 4 and S. 

In designing the assemblies no effort was expended to reduce their 

irag to a minimum sinoe tie piriose of the flight tests was to compare the 

perfor'«ini:o,  »ith ani without Jet thrust,  of the airplane resulting from the 

addition of the assemblies. 

ßiloulaVons of rudder effectiveness  (cf.  Report Ho.  8, loe.  eit. J for 

the a-.-; in v.Ich three jet units misfired on one slle showed that although 

the r . iier far** of the aonal Frooupe was sufficient to overcome the result- 

ing yawing norwnt, the margin was rather snail.    Therefore, o'.ch rudder area 

was  increased hy the addition of about one i juarr foot of dural shcot as 

shown ::: ri-ure C. 



Ill    PESCHimOK <V  '.OLIO "RC" T-XUVT JET 'TIS 

KVD KÜCOTK ATTAglKEia /.".IDBUrS. 

a. Component parts of a jot unit 

The Jot units utilised in the Krcoupe tests were developed by the 

solid propellent section of the Air Corps Jet Propulsion ronoaroh   rojoct 

lurJn   the period 1953-1941.    Very little lnfons&tion on 3olid propellent 

rookets delivering a thrust force for a period greater than about one second 

-ns available to assist the development.    Consequently, considerable theoreti- 

cal and experimental research was required to work out nessle and combustion 

ohamber design, propellent connos'.tion, loading technique, and manufacture 

procedure. 

The results of the solid propellent oxper':jnental research up to July,1940 

are described in Report Vo.  5,      "arts IT, III and TV.    An analysis of the 

character'sties of the ideal solid propolla.it, jet unit is presented in 

Re.iort '.:o. 4.   '       detailed report of the cxiiorlioental renearch conducted 

since July 1940 is being prepared, t'iereforo, in the following sections the 

Jet unit used in the " rcoupc tests will w only briefly described. 

The T.rooupe jet unit consisted of the following oonponent parts as 

shown in figures 7 and Gi    couiuation chan'-er, base cup,  ohanber liner, 

plastor base increment, chamber flange, |-uido fins,  lgnitiCa system, exhaust 

notxln, exhaust nottic ;asVit, nozgle oollar, tension bolts, ;- <lde bolts and 

guide bolt sleeves.    The dimensions of the component parts can be found in 

Figure 9, and a photograph of the assembled unit Is ahovm on the right of 

figure 3. 

In designing the Jet unit for the flight »•• ats planned it was not 

neeeasary to re.lice the vie.'ght of the component .wrts to a r.iiiiaua by the 

use of spoein.1 mteriele.    *or that-, reason Shelby tubing was used for the 

1 
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conbustion chamber and mild ateel for all ports oxoept the exhaust nozzle and 

bolts. 

It was found that a combustion chamber oould be recharged indefinitely. 

The exhaust noetic was made of coopar of euch dimensions as to aroid 

serious erosion during one run.    -Urcmft bolt.t were used throughout.    The 

tension bolts were dosignod to fall at a chamber pressure of about BOOC 

lb./sq.  In.  in order to protect the conbuston c'lanber from being shattered 

by excessive pressures. 

The Ignition system consisted of a nichromc .fire placed in contaot      * 

with an ignition charge.    One end of the nlohrone wire nas ,-rounded and the 

other attached to a commercial 35 m.  spark plug,     ßie plaster base increment 

«as pressed in plaoo under high pressure to prevent gas leakage to the bottom 

of tho nowder charge. 

The «sight of the oomnonent   «rts   is sham in the following breakdown i 

Combustion chamber, ehanber f Ian, o and ,-uile fins .   .  C.l lb. 

Haso oa-i 9 

Chamber l'ner 3 

"lnstor base inorenant             .1 

Ignition system  ,1 

Ixhaust noetic an-* ,-erlcct       1. 5 

•'it:-If collar and j.uide aleevos        1.2 

Tension and t~uide bolts         ,5 

Total '.eitht of ''nloaied t:nlt 10.7 lb. 

b.  'olid propellent and leading technique. 

The propellent  charge used in t.io Jet unit.-, »us a type of aiaido 

nowder designated as CALCTT 27.     The pojder was prepan '   fron cOTi-iprc'.Bl 

ingredients  In batches  of about £" lb.     'ac'i Jet  un t had a charge oa;acity 
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of approximately 8 lb. 

The S lb.  charge   ras loaded into the combustion chamber in 22 incre- 

ments b.   a plunder having a noae of oonloal ahape.   A leading pressure of 

13 tons was applied to the plunder in a hydraulic Teas.    Approx.iRB.tely one 

hour was required to ehnr. u a unit. 

The last charg" increnont was reamed flat and a storage plug inaorted. 

The storage plug waa held tightly against tho ponder charge by the noitle 

collar and prevented the charge from cracking as well as protecting it from 

noiaturo. 

"lann for the flight tests called for eighteen Jet units to bo de- 

livered to '.'arch field every other day.    llMt only one hydraulic press was 

available to tho project two shifts ;rerc employed to load the units. 

The night bofore the flight test.; the storage plugs were removed from 

the charged units, the ignition '-barge and ignition system put in place, and 

the storage plug' replaced. 

The jot units wore taken to   «rci Held in orates.    The number of 

unit.-;  required for a given test flight were then removed from the orates and 

the exhaust nossle installed in ,)laoo of the storage plug.    The operation for 

each jot unit required about five minutes.    I-'igure 10 shows an exhaust nossle 

being boltoi in nlace at 'torch field. 

c.  rrcoupe attac'imont asseaibly and i^n'tion systen. 

lince, at the time plans were initiated for the Ircoupe tost:, the 

Jet units still suffrred a small percentage of failures from pressure build- 

up in tho combustion chamber it was decided to design the attachment assemblies 

in such a way that the exhaust nottlo an) chamber wore free to fly clear of 

the airplane. 

As pointed out  in 'art II, tco identical attachment asacubllos, each 
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incorporating three jet units, were cortBtructed.    The attac'.ment assembly 

consisted of a track fnune and mounting brächet as shown in Figure 11. 

The track frame «as of welded steel oonstruction and was provided 

with tracks which supported the jet units by the guide fins.    The Jet units 

were mounted side by side in the track frame and as close together as practi- 

cal to achieve a compact assembly. 

The mounting bracket was conctruoted of 16 gage steel plate fomed into 

a ['-shaped channel.    The bracket served a dual function in that it supported 

the track frame and also provided protection for the pilot and airplane in 

case an excessive pressure built up  In the jet unit caused the nonbn.ition 

chamber to shatter.     The traok frame was fastened to the mounting bracket by 

four bolts, two on each side.    Additional holes were provided in the bracket 

for the rear bolts so that the inclination of t'ic ax's of the jet units could 

be varied in a vertical plane.     The mounting bracket was riveted to tv.-o u.-., le 

irons by means of which the whole assembly was bolted to reinforolng brackets 

at the botton of tiie wing.    Iv. order to protect the wing structure against 

danago from serious shoal: transmitted to the mounting bracket from a jet unit 

"blow" the rivets between the bracket and the angle irons were designed to 

fail before any part of the wing  ;truoturo.    The ten» "blow" refers to the 

failure of a Jet unit due to the build up of an excessive pressure In the com- 

bustion chamber which causes the exhaust nosile to fly off. 

The thrust developed b,   the jet unit wus transmitted to tie track 

frame through the nosile collar and the unit WHS prevented from slirv'.ig alang 

the track by cotter pins passing through each fin and traok.    In case of a 

"blow" the ohaiabcr fins sheareJ the eotter nine and t'ie ohambor was then 

g'.ilded in a straight path by the track.     The exhaust noisle and nosrU   colItr 

wore kept from fly'ng off sideways    n case the tension bolts did not fail 

together by two sleeves slid ng on guide bolts attached to the chamber flan, c. 
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Tha ignition system an the Freoune cor.slstod of a 6 volt battery, 

loeatod on tha floor of tha ooolclt, connecting load« to tha jet unite, and 

two switches.    The Jet units were hooked up in a parallel and the charges were 

Ignited by the pilot's throwing a ' -1 fe «witch and pushing * button snitch on 

the instrument panel,    nie eomlete installation assemblies and Ignition system 

are shown In Figure 13. 

The weights of tho component carts of the Freoupe installation are 

shown In the following breakdown) 

2 Mount Jug brackets 39.0 lb. 

2 Traek frame« 19.0 

4 Wing reinforo'ng "rackets 8.0 

6 Jet Units (ohargedy 70.2 

1 Battery  47.0 

Total ,'cight of Installation 1J7.2 lb. 

For the teats with jet •>ronulslon alone using trrelve jet units, another 

traok frame similar to those described before was attached in each assembly 

as shown in figures 12 and 13.    In figure 13 a sheet iron "late extending at 

45° to the mounting bracket can be seen.     Ma 'late ims added to protect the 

pilot from fragments in case a combust'on chamber in the lower ban!: was 

shattered. 

In figure 14 tho pattern left underneath the wing by condensation of 

tho smoke from six jet nnita  in one assembly oan be observed. 

J.  Characteristic.; of tho ."rcou-ie jot units 

The characteristics that a solid propellant jet unit should have for 

auner-porforwance applications havo been  liseus ••    in   <   ort i Ve. 3 (loe.  eit.y 

and Vo. 4 'loc.  cit. J.    Uriefly, the jet unit imat be oapablo of delivering 

ii thrust force for a ;ieriod of timo of the order of 10 to 30 seoonds, the 

f 

I 
I 



Fffeofcive HTM « teff • 11.4 aco. 

rffective exhaust velocity » o « 5400 ft./see. 

Sate of burning » r • 1.0 In./see. 

Avorajo chamber pressure » Po»T    " 2,100 lb./sq. In. 

Thrust coefficient « Cp a 1.5 

The thrust-weight ratio of an Frcoupe jet unit was Ä.6.    The thrist- 

wei^ht ratio of the complete .Tooupe Installation for six jet units was 0,9, 

The latter thrust-weight ratio is rather low and oan be naterially iaproved 

by the use of units deliver'ng a highor thrust. 

Durinr; the Erooupe flicht t'fits a sample of eaoh powder batefi was 

loaded into either an trooupe Jet unit nr i'ito A special testing unit, provided 

..if.ii a chamber pressure tap and fired on the project.    Hie variation with tine 

of the thrust of the .'roonpe units a.nd the vnriafon of thrust and camber 

pressure of the test ng units were recorded photo,.ranhicolly,    rhe results of 

the batoh sample teats are   .lotted in I If ires 15 to 36.    IVhen either the pres- 

sure or thrust wore not recorded the roJults of previous tests were extra- 

polated to supply the Misting data,    .'xtrapolated results are indioatod by 

dashed lines in the figures.    Tn sonr of the batch sanple tests the length of 

the powder oharj-e ni shorter than used in the flight tests and therefore the 

effective time is also shorter. 

A complete reerrd of the batch tests is eoilected in Able II.    Tn the I 



table the follow: n.. notation la ueodi 

« weight of propellant charge,  lb. 

• length of propellent charge. In. 

i0           • diameter of propellant charge. In. 

dt « dianctor of exhaust nozzle throat, in, 

de « diameter of exhaust nozzle exit section, in. 

e - exhaust nozzle expansion ratio 

•A • length of exnanding section of the exhaust nozzle, in. 

a - half angle of exhaust nozzlo expanding section, 
dogrees 

*e •s- " ratio of eroo»  -rctloml area of eharre to nozzle 
ft throat 

p_ • density of propellant Charge, slugs/in. 

'tot        " total time pressure or thrust ./as reoorded,  sec. 

t„ff        • tine corresponding to period during which average 
thrust and pressure aeted,  see. 

pc • equilibrium chamber iresBiirc,  lb./sq.  in. 

Po._       " average ohanber pressure, lb./sq.  in. 

*av.        " "verage thrust delivered by unit, lb. 

• nas.i flow coefficient 

I PIV-  •   v, ;-.i i   thrust coefficient 
Pe »t 

• effective oxhnust velooity, ft./ace. 

r » rate of burning of the propellant, in./aee. 

A complete record if the nropellart oharge3 used in the flight tests 

is collected  In Tables  I11, IV, V and VT,     ihe sarao notation is used as in 

iWblu II,     Die thrust and effective time of thrust action of t :e units used 

in t'.<; flight tests «ere assumed  to be the soi.it- as  i'.'.o corresponding; batch 

seimlo teste 1 at the project. 

It will be noted that dur'ng the first period of the flight tents a 



number of jet unit failure J oeeurrtd.      IIT'I.   this time experi -lontat I on . is 

beinc carried out at the nrojeat to overcoae these fa'lure« and after the 

second day of flight bos tin,- uo fa-'luroa occurred in 152 successive chr.r^cs. 

A number of r. Isfire •   irore encountered  In the flight teats,  caused by 

faulty eUotriaal contacts and broken ignition wire3.     Pie msfires ..ere 

finally   Tactically elin 'natud by the use of a Li .1   n,   circuit to ohoel   fie jet 

unit irnition system before the unit '.as installed on the ! r"OJpe. 

iv  fLTP'tT ZRI TOCEmmE Arm 'mem^ner o* n JTS 
• ..I i   i   -» ii 

Tho flight tests of the rreoupo v/crc oarried out at '.loroh field, 

California in the early ioni.'ri|: before winds could interfere.    la all the 

tests the wind speed measured at the ' nre'i Held "ctoerolo,;ical Station never 

exceeded 3 n.p.h.  and  in    - it oases t!in grind direotion produced a cross wind 

on the airplane. 

To determine the take-off dlstanoo the runway TOS narked off in »0 ft. 

Intervals and tho snot at which the wheels left the surface caught by an 

ob:ervor who also tined the take-off with a 3top watch.    The take-off distinee 

and tine were estinated to be accurate to wit'iin +5%. 

The weight of the Frcoune  «s kept the sane for all tests '*•— % for 

tho overload tests and the tests with jet propulsion alone. 

To detemine the distance and ti-;e required to clear a 90 ft.  obstacle 

poles supplied by Ibroh rield wore erected on tho jides of tiie runway and a 

t-ftno carrying streamers stretched across.    The time required to olear the 

obstacle Cvm the start pf the take-off vjna oiily rou^.'ily determined. 

The static thrust delivered b., the pro viler naa neasured b   r.eai.3 

of two sprin,; balances, as sliovm In fig. ?7.    It UBS found thut the propeller 

delivered a.i uvrrape static thrust  of 325 lb.     The rhrust delivered  oy tho 

' 



jet units -.•a- assumed to rorr'-o ond to the thrust specifications determined 

at t M projoot. 

The result" of the flight teste are tabulated in Tables VIT, VITI, 

and IX.    A brief description of the tests follows in ch.rnr.olo.ical order. 

August 6 

Test lie.  1 and 2 - The maximum airspeed and rate of climb 

at 4528 ft.  above sea level were determined from the panel instruments 

of the ireoupe without and -«1th the jet installation.    The flight 

characteristics of the airplane with the jet assemblies  installed 

were found to be satisfactory. 

Tests Ho.  3 to 8 - The talce-off distanoe and time were 

measured without the Jet assemblies. 

Tests "c.  9 to 15 • The talce-off distances and time .-.-ere 

measured with the jet assemblies installed.     Tests 10 to 15 were 

carried out againat a considerable headvrind so that tlte results ob- 

tained are not considered reliable.    Addit'onal take-offs with the 

Jet assemblies Installed were made on a number of occasions during 

the flight test period. 

Teat Ho.  16 - A static test was performed with the propeller 

running and one Jet unit in each assembly operating (of.  rt  . 38;. 

The lower wine surface adjacent to the exhaust notsles was not 

noticeable raised in temperature and the jets oleared all portions of 

the airplane struoture. , 

Test No.  17 - One jet unit was "laced in each assembly and 

l|-nitM after the airplane had started taxing down the runway,     (of. 

H~.  39).    The pilot noted a slight acceleration when the Jet thrust 

be^an to act. 

Test "o.   IB - One jet unit was installed in eash of the two 
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assemblies, the airplane flam to 3^0 ft.  above ".'arch ilolL and 

tho pcnder chaiTjes Ignited.    Jet unit in r ,-M a    c: bly failed, the 

OKiiaust notsle and combustion chamber cleared all parti of oi r- 1a o. 

?'o   lunft  i   resulted from the "blow."    Tho  'Hot WU able to detoct a 

«U ill yawing monont froti thrust del'vered by tho jet unit in the 

left assembly. 

Tr-st V.o.   19 - «our jet -inits were installed,   two  :r. each 

assonbly, and fired with the brakes  of t.ic air lane set.     Of the too 

jbt unit-   -n tie ri^ht asseiibly one ran satisfactorily, the other mis- 

fired; in tho left ij.  :.i. bly one m sfirel, the other failed.    The blow 

of tho unit that failed caused tho rlv-nuts at t'.e rear utt; e.roent of 

the angle irons to pull loose,     fhe exhaust uosclc and combustion 

chanber cleared all parts of the airplane structure. 

August 8 

Test Ho.  20 m tour jot units v/ore irstallcd, t..i. in    n-k 

assembly, and fired with the brakes of the airnlano set.     Throe units 

• ••••••.i satisfactorily,  one unit in ric'it assembly failed.    The 

exhaust noisle rebounded from the runway and  strick the fustilu. < , tear- 

ing a 10" hole in the skin and shcarlnc a bulKucal  (cf.  lie.  *rA    Tha 

combustion chamber traveled about lro ft.  ahead of the airplane before 

hitt^n,; the ground.    I'he blew V.BS rather violent sauainf tht> riv-nuts 

at the  roar attachment of t'-.n an^le irons to pull loose and the d iral 

wine oovorinß irmediatoly above the exhaust nozzle oosition t>   stretch, 

-nilllng loose four or fivi   rivets.     The pilot deserves credit for his 

wllllnpMM to continue flicht test as soon as the air<lar.e was re- 

paired. 

TeJt V.o.  21 - The hole torn in the fuselage during the last 

. 



'<• t ms repaired as sham la •i,-..  41.    '0'ir jets were installed 

and a taxi  run snde.     Ml jet units functioned satisfactorily,     nlot 

commented on noticeable r. pcoleratton when the jet units were delivcr- 

i t. thrust. 

Teat '"o.  22 - Four Jet units were installed, the airplane 

flown to SCOO ft. above March t'ield and the panjer rhar, c- ignited. 

All Jet 'mit-? ftuiotloned satisfactorily.    The pilot eonnentcid on 

narked acceleration - the indicated air sneed increasing fron 75 m.n.h. 

to over BO Bi. p.h,  during the perl or! the Jet units delivered auxiliary 

thruot.     The airplane climbrd somewhat dur'nc tie -a~c period, and 

control was not noticeably affr-cted, 

Tctt "o.  23 - The firs': take-off with auxiliary Jet propulsion 

ts shown in fig. 42.    *our je"- un'ts were installed and all r»r'ormed 

satisfactorily.    TK> charces wrrc ignited bofore tlie brakes were re- 

leasrd.    Pilot noted marked acceleration  lurinj   take-off run as 

oompered to take-off with propeller alone, and satisfactory- control 

of the airplane.     Speed seemed to increase immediately after clearing 

the ground and satisfactory control of the airplane was obtained 

IttrUuj tho air-born portion of the jet units'  operation. 

August 14 

Test Ko.   24 - Taxi   run with six jot units installed.    Airplane 

ties started rolling and then the rowder oharfes were lenited.    The 

Jet blnst ceased aftrr approximately an OS'- ft.   run.     One jet unit 

in the left a«s«-mbly misfired,    rilof- satisfied in all respects  vith 

the operation of the other five un.'ts. 

Test  T'O.   ?S - Take-off with six Jet  urits   : nr.tallcd.     OM jet 

un't in rieht aajcnbly misfired.    Powder charges were ignited before 

brakes were releosod.     (cf.  fig».  4." to K). 

I 
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unite. 

Test no.  4G -   "&ir.e as Test !to.  42. 

August 21 

Test !-o.  47 - Test to detctn'no take-off iieUir.cc- and time 

wit', six loaded Jet units  installed but not fired. 

Test Vo.  4? - Airplane with six Jet units installed climbed to 

11,400 ft. aborc sea level, near the ceiling of tho airplane, and the 

powder charges ignited.    T.fcximum level flicht speed inermsod approxi- 

mately froa 62 to 97 in.-.h.   ind'.eatc.d air speed.    7'ilot found flight 

characteristics satisfactory. 

Tests Re,  49 to SI - 'ane as Test TTc.  47 with s'x dutry jet 

units installed. 

Test Vo.   52 - "*mo as Test >:o.  47. 

Test !!o.   53 - Kevine pictures taken at about 2000 ft.   of 

Ereoipe with jet units oporatin£.    Photographs taken by Mr.  E. S.  Korman 

from airplane piloted by T)r.   C.  B.  Milliknn. 

Tests To.   54 to 56 -  'arc as Tests Vo.  49 to 51. 

Test Vo.   87 - Take-off of 1 rcoiipe with six jet units firing 

eomparei with take-off of a    ortcrfirld airplane -<iloted by Dt>, 

C.   B.   ''illikan (of.   »'ig.   ^j.     Tho ""ortcrfield cross weight had been 

adjusted to nake its take-off d1stance tho sane ns that of tho Trcoupe 

with six  i-iimv Jot units    »tailed but not operating. 

Test I!o.   5B - Tho I'reoune war. taken off with three Jot units 

operating in only the right assembly to determine rudder effrctiveness 

under the oond't'ons of yaw.ng nnnent duo to the jet units.     The 

pilot renorted sufficient- rudder control. 

tUgjMt 23 

Test I'o.   59 -  "revision '"as radc on the I reoupe fcr the 

; 



Installation of t-ralve jet unl<-3 for attc:.v«t.-. to take off without pro- 

peller thrust,     '"he propeller Ml renewed as shown in Fie.   SI.    In thin 

test all jet unite perfomed satisfactorily.    To start the airplane 

rolling a bank of six Jet units tmi ignited and lie seoond bank ij;nited 

about seven «oeonds later.    Tlie airplane was una^lr to take off before 

the Jet thr»st ceased actug (cf.  nie.   St). 

Test To.  60 - Same as Test "c.   59 er.cr.pt that Frcoupe -.«is 

pulled by a truck to a speed of about 25 n. p. h. before all jot units viore 

Icnited.    Of twelve units installed one unit nisflred due to gasket leak. 

The Frooupe left the ground and reached an altitude of about 20 ft. before 

the jet thrust ceased to act.     >tronc divinr, moment when the jet thrust 

ceased to act caused a rather ron;-h landinr. 

Test ITo.  61 - ?axt to determine take-off distance and tine with 

six loaded jet units installed :iut not f"red.    Attachments for •   tm 

bank of six Jet unit: used in Testa Tie.  60 and 61 not removed so that 

drar of the airplane was larcor than in other take-offs with sx jet units 

nstalled. 

Test V.o.  £2 - .-jnol teat used to determine take-off  liatUHM and 

t •: ö required with pro'icller r>lua six jet units firing.    All nix units 

perfomed satisfactorily,   (cf.  Tost V.o. 61;.    The end of the cli-»b after 

take-off is sho.vn in r'i,-.   SB. 

v  Awuysia M TIE gggcgiMBl o* rir Escoirr. wir? AW v.iTnrvT 
A'JXIUAW JiT 'ROTLSTOW 

a.  "erforoar.ee and data for the Krcoutie airplane without aoe'liary 
Jet orov.ilsiou 

fhe anticipated performance and flight character.sties of the non.nl 

Frcoupe airplane, with and without a'atiliary jet propilsiou,  have been discu-.ied 

b;-' 0.   t,  namberg and   r.   ".   Dane    n ?>e->ort *'o.   ;   (loc.   cit. v. 

«licht tests to ieterra ne the aotual performance of the Frco ipe used 

I 



at Ifcrch field ore descri'.ed In the pn-eeedinc section.    The nominal data 

and Performance for the normal Frcoupe are  compared in Table " with tho 

Frcoupe used, without and -.rith Jet equipment attached.    Vhon the Jet equip- 

ment was attached six d.tmry Jet units were installed in the assemblies. 

TAUE X 

Vorrnl Er- 
eoupe at 
sea level 

rreoupe tested 
at '.larch field 
1528 ft. above 
sea  level 

Ercoupe with Jet 
equipment attached 
at 'larch *iold 
152   ft. above sea 
level 

"roes weight, ">', lb. 1175 1178 1178 

Ifexinum velocity, Vmx> *»P»h- 111 104 
at 4528 ft. a- 
bove sea level 

92 
at 4523 ft. above 
sea level 

"axlnum H. Up. M _ mm 

r. p.m. at rated a<wod zsoo __ _ 

Propeller dianettr, 0, ft. 6 6 C 

Initial thr.ist  of .-ro;-ullcr,  Cj.,  lb. 310 325 -25 

V(in£ span, b,  ^t. SO 30 SO 

Ia!cc-off velocity, \'jo, n.p. h. 
(osV'natedJ 41 ^_ 50 

Take-off run, 50, ft. 350 420 580 

T»!(e-off time, tp, seo. 9.8 12 13.1 

Distance to clear V ft.   obstacle, 
^o   *    '0«   "• 7GC ^ 950 

rir.ie to clear 50 ft.  obstacle, 
*0 * *n»  s«0. 1(1. a .. 19.0 

A study of the data in  iable X s'iow» that the Treoupc usod in the 

flight touts without Jet equipment compared with the normal Trooupe had a take- 

off distance ,-reator b   20% and a take-off tire greater V 22. 5 per oent. 

The addition of tiie Jet equipment inoreascd tho take-off distance and tine of 

. 
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the Erooupe used by Si- pw cent and D per cont respectively.    The reason for 

the latter increases was the Ira^ addod to the oinJene kg  the jet ecMipnent 

na disounied in preceedinj sections of this roort.    Ti: the following por- 

fnrmnce calculations of the effect of auxiliary jet thrist the Trcoune nlth 

the Jet equipment attached will be used as a basis  of comarison. 

b.  Results of theoretical analysis of aircraft assisted by 
auxiliary jot iron' 1»ion 

An Mrodymmio analysis of take-off and  initial clinb of aircraft 

a-: nffeotod by auxiliary Jet nrop'ilsion -.ma carried out by <:.    i.  Mllifcan 

and ''..  J.  lt«vmrt in   .ir forps Jit    ronlslon 'Jesenrch "roject "r-^ort To.  S. 

I"ie following ,-;eneml relations -ievelopcd are needed to interpret 'he results 

of the Iroo-rao flight i-atst 

Take-off distance,    0 and tin» ta v.-lt'i I axillary 
jet propulsion 

Tho take-off dintunce is {Ina by 

5o=K50+^BiogA + FBV^ (ij 

whero the notations so far undef'ned are: 

K " 'icrcent of take-off distance without jet rtss'stanor at -.«hieh 

Jet thrist  is addcl.     "n tho Trcoupe taat» tie Jet thrust MM 

bis n before tbc,  brakes -/oro released so t:iat K • 0, 

a m acceleration due to ,ravity,  tt./cce. 

3 " thrust dccroisent coefficient for the nonal airplane which 

during: the takn-off run iccojits for the increase in pro'i-ller 

thrust, airplane dra. , and the decreaso i:: ground friotion iue 

to tlie  lift of the airplane, 

A » ir-itial ac-celorat ir^ thrast for the noraal air 'lane. 

• C\ -*t"" • static thrust cf ; ropeller - ground  friction. 
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JJk « coefficient of friction of runway 

c  - thrust from jet units,  lb. 

VKS0 " veioeity of airplane at tine Jet thrust begins to act 

• 0 for T'reeupe tects 

Vjo * tr*!:c-off volooity of the normal airplane 

For the Trooupe airplane used  Ln the flight tosts eq.   (1; bieones 

If the diimnaionless variables Ä - £   and   XF  " -r VT0Z arv  introduced, 

the relative savins in distance brought about by auxiliary Jet propulsion can 

bo written in the fom 

S,-S^ logD'i+ot ] 
S0   ~'"" log <!->*) 

The take-off tine is given by 

x' W 
2g>»fA+FjB 

? log 

(s; 

(4; 

Climb after take-off with aux'llary 
Jet Propulsion 

Pic horizontal distance required to climb to a height h is riven 

by the relation 

./   Wh 
5*=  A   1+oc-feÄ* 

where 

K-^V, TO 

»=/fvTO 

Ul 

Tn thir, equation "e differs fros 
the 3 usei for the take-off cal- 
culations   ml ess the take-off pm 
is made at the C^ for vdUch the 
lift eq'ial* the weight at Vjo«    It 
will he assumed that  for the 'r- 
couTie r

e • I so that 
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€s | + _*D 
A** " A3? 

^««f6;«„thereforebewrJttoninthofom 
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In thi, equation tD 

to £ c£n
c '"ST"* at *S «" el!-*?.,«"»"E" from take-off to 

only to loss i„ cround effeet 

«U 

The value of 6 cosi be determined from the horiiontal distance required 

to climb to a height h without auxiliary Jot propulsion. 

The relative saving in horiiontal distance aehleved through the use of 
auxiliary Jet thrust is ,-tven   y 

(7; 

The tine required to elir.ib to an altitude h is given by the relation 

f . _Wh 
AVTo7+«-€A* 0; 

t;iven by 

whore <WoJW]*     *      . '+* 
Wo J   ""d  ( M. »• - take-off velocity of the .w        , 

«- -rloaded condition.  or/3, J^ where    Wfc)   U th. " ^ N 

«irplane «» OTcrto(Jdi W »   *• **• 6ros. weight of the 

»• relative saving ln take-off distant „    a. 
St*n0" by th0 J" of auxillaiy Jet 



propulsion is given by 

So-5o„ _ i       JogO    1+«.) 
So pto9(i-a*> 

(10; 

e.   Analysis of t-rcoupe flight tests. 

The results of the flight tt sts  nro collected in Abies "", Till end 

IX.    Fron the tests with Jet equipment attached, without auxiliary jet propul- 

sion, the porfomanco factors A, B,  ?\, a, AB, Ä , and f, defined in the 

proceeding .section oan be determined. 

The Initial thrust of the propeller C\ -.TO-, found to hare the value of 

32S lb., and assisting that the frlotion coefficient   JU. for a hard snooth 

ruoMay has the value of 0.01 then 

A - 32"? - C.02 x 1173  - S02 lb. 

The value of '< oan be obtained frcn equation (2, by setting I » 0 and 

taking Vjo • 80 n.p.h. - 75 ft ./see. The take-off Telocity Vjo v.ms est'.iatod 

fron the air soeed Indicator reading, "olvinc equation (2J graphically it is 

found that 

3 • 0.041S 

The coefficients  Ä    and • ar* def-ned as 

A- J£ Wo -0.855 

rfTect cf a-crlliar/ jet pror il3lon on 
take-off distame and tine 

The dependence of the take-off  !istance and tine of t'-i.   ! roouna on 

the Jet thrust added can be calculated fron the "ollowin    rrla'ions 

I 
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Sfc'-MObjfl-SgfJ 

«•JHE 
0.855 ^j^ f 

äSSSTSTJ 

In .'i,:;-rr'8 54 and  ~>5 the variatior with • of taint-off distanoo and 

tine respectively ia shown tocether with the ox->err»ental results of the flicht 

teats.    It ia seen that the ;Tod'cted talre-off d'stancr curve falls some--hat 

lower than the measured points,     ill s   'i (T< r. •op ia believed to   ic within the 

experimental error of the data and the varjat'on of oilot take-off technique. 

The predicted take-off tine curve fits the neasured points very well. 

The c«*test redaction in take-off distance, amounti«;, to '53,5%, 

ocourred when o a 0.57.    The take-off tine for this run was relueed SU7%. 

fffect of auxiliary jet   'ro.'-ilsion on 
clinb after take-off 

In Hgure 5G the result-!  of the tests to letemln*: the diatar.ee to 

clear a 50 ft.   obstacle are sranhlcally illustrated.    .Vithout a ociliary jet 

nropulsion an average of 95C ft. M  require! fron the start n,- noint to clear 

a 5P ft.  haifht.    Tn this •».-< ra,• c.  Test ^o. SI is nerlcctod as the pilot felt 

that the test was not representative.     The av< ra.-e distance IN    -rv: to clear 

the he'cht after the v/'ieels left the r inwsy wa*    c • 37p ft, 

i-rom oq.   (">J the value of (I— 4%  Jean be evaluate! for the ease of 

no auxiliary Jet nropulaion 

1173x50 
302x370 

.0.527 

The saving In horicontal d stance darin^ clirab ac'i.eved through the 

use of auxiliary Jet thruat   is ,;iven by eq.   (7> 

Se- 5c" _       « ot , 
Sc    

= fl-6Ä*/+« "-5Z7 + « I 
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In flieht tests V.o. 34 and SO a jet thrust of It"  .2 lb. «•• added. 

Test Ho. 37 is not regarded as reliable as the airplane was started 450 ft. 

away fron the obstaole and when the pilot saw he eould not clear the obstacle 

he dove under. 

i'or the t .o testa a • C. SCO and the predicted sav rv in horiiontal   tis- 

tanee to climb over the obstacle with auxiliary jet thrust is . iver. t'.icrel'ore 

Sc .5274.560 
and 

CTMJ two flight tests gave an avf rago value of ^o " 232 ft»  corresponding 

to a saving of 31.7%.    Th's saving    s £<% lower than the theory predicted. 

It is believe) that this difference oould have been materially reduced if 

several more tests had been made to give the pilot an opportunity to improve 

his take-off technique. 

The total distance to dear the   TO ft.   obstaolo from the starting point 

7.8.S reduced from 350 ft.  to 55C ft.  or 42.1% by the addition of li'. i.r  lb.  of 

jet thrust. 

iffect of a'jtlHarj  Jet propulsion 
on tahr-off vrtt'i overload 

To determine the o'fe-ct of auxiliary Jet propulsion on the take-off 

distance ant? UM with overload the frcoupe took an a passenger and added sand- 

bags until the • ilot felt that safety of the airplane in landing did not  pemlt 

additional overload.     The safe overload was found to be 285 lbs.    V.ith thla 

overload teats Ho.  41, 43, 44 and 45 were ma.de to give an average take-off 

distance of 905 ft. 

Tie ratio of overloaded weight to normal weight for this case Is 

p mm - 1.Z4 
1173 

• 
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Tho overload »counted to a;:  Increase of 67.5% In useful lead. 

The take-off distance should then be , :vf   b   the relation (9; which 

In this ease has the form 

Si—«71^.-JL) 
Zo detemine the effeot of Jet thrust on the take-off distance wlt'i the 

2S5 lb.  overload tests "c.  42 and 46 «ere made and . ».?•   an avora^e take-off 

distance of 43S ft.    This corresponds to a 51.6% saving in distance.    It aay 

be noted that the take-off distance with overload assisted by an average 

auxiliary Jet thrust of 166 lb.  reduced the tr.7r«-off distance to a valuo below 

that required by tho Kreo^pe without overload. 

Aeoordjnc to the above relation the take-off distance with Jet thrust 

should have been • 46S ft.     The difference from the measured take-off 

distance amounts to ".3% and c« Id be brought about b„- the uneerta nty in the 

take-off velocity, wiich determines A  • 

Pffect of auxiliary Jet uro;'ulaian 
on the •Md— speed 

Two flights  in which the  jnorcase of indicated air «"eed M  observed 

were made.     The firat was Test "o.   22 made primarily to determine the effect 

of Jet thrust on flight characteristics and the second wus Teat Vo.  4.' made 

at  11,40C ft. above sea level near,the Urilim of the oirplane, sainly to 

satisfy curiosity. 

In Test  I Jo.  Zi tho  Indicated air speed increased fron 75 to 3<   r.n,h. 

l'.rin.   the effective time of 12.7 see.-, it. of 111.5 lb.  Jet thrust.     This 

corresponds to an  lantrWM of ZQ% in Indicated air speed.    Durinc t'is test 

the airplane climbed E mev/hat. 

In Test "c. 4fc the    t 1 cat«.! air spec!    nereasci fron 62 to S7 m.n.h. 

durinr, the effective t'me of 10.3 seconds of 17C-.6  lb.  Jot thru3t.     Ibis 

J 
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amounted to 56.5% increase in indicated air speed. 

These result« of increased Indicated air speed aro of doubtful 

acouracy as there ims no nay of bein£ assurel that the flieht path during the 

action of the jet thrust «as horizontal. 

gffeet of 35 lb. jet thrust in one 
assembly on the frooupe take-off 

In Test "o.  58, to simulate the misfiring of all jet units  .'n one 

assembly, the pilot took off the "reoupe with three Jet units in the rl^ht 

assembly delivering 35 lb.  thrust for an effective tin« cf 10.D seconds.     The 

pilot reoorted »at'sfaotory control dur n£ th*. tako-ofr run and In the climb 

after ta!r»-off. 

flake-off of the rreoupe solely 
wtt.'i jet prii. .lsion 

In Test I'o. 60 the airplane wsn tMMiafttlly tatei-off with jet pro- 

pulsion alone after an initial roll 'ai been irmarted to the era*t.    This test 

ill made rsxinly fron the viewpoint of e\rlosity. 

ferment on the problem of eompar:n^ exnfrinental res.ilts with theory 

There arc two factors that make it difficult to evaluate the theoretical 

analysis of Report Vo.  5 (loo.  cit. } by oonnarson of the predioted .'"roouoe 

results wit1' t :ose obtained experimentally,    "he first difficulty arises from 

the fact that the actual take-off «needs were net measured.    For the analysis 

of the data it was assumed that t-e take-off speed am« 5<' m. p. h.    iroti the 

thooret'oal analysis it can «a seen that errori  in t •••  est'-stlon of the take- 

off velocity ca-^ he quite important.    The take-off distance :n the ovt-rlnnded 

coalition 1« nartiei«larly sensitiv? BO errors  of this type.    It is recomme.-»Jed 

that for future tents,  i-    «rtioulnr with larger air"la:ies, the take-off be 

recorded photographically by a növin.-      cture ea. era aain,; a pendulum nni I 
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— 

» 

Grid in order to establish nore closoly the bi   o- of conditions. 

The  we nl difficulty uroso in the tost3    lwolvinj; a climb nftcr 

take-off.    'or these tents, a  & ft.  obstacle wan civoted and the amount by 

which the airplane cleared the obstacle wa3 est'.rated visually, a very inac- 

curate procedure.     Xhe above mentioned photecraohle technique would eliminate 

this difficulty alao. 

. 

I 
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..4-»rt of  'left to rC tab) 
,•   i.*. frd crew oa.ii.->.»  

FiC' *    S.  Hill". •'•   •; ~,    A.   'lou-'-W Jr-' 

vt.   Kobe, CJ».   '•    •""• 

,        Dr   ft. yon -At--». « "«"*•'• 
disousae« tnko-o-f 



^ 

*1g. 3 — Capt. H. A. Boushey Jr. shown with Ereoupe 
airplane uaed in fli, SI testa. 

Fig, * "" 'ront  v iw of Ereoupe showlnc attachment aasemblies 
installed. 



. 

Fie-   5 — rlcse un s-iow'nf side view at jet unit assembly 
installed on Ercoupe. 

PiC. 6 ~ "lde vlc-.v of ! rcoupo riider showing iural 
short riveted to the trailing e.lfo. 

I 



.«'•"**•'; 

ng. 8 _ View of earn, iponent 
lrtBofth.Frcoup-^ unit. 

' 

MC 
10 .. ri»i »«=enbl* 

of jet un:* at fcrch 

. 
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*le.  11 - close ur of attach.-»«! a».e>»bl • 
Jet unit installed with one 

Fie.  IS ~ View of Frcoupe Jet unit attaehner.t assemblies and 
ignition systen.    at» trade for six additional 
Jet   ir.it    are shown. 



Fig.  IS — Rear view of six Jet «nits in attaotupent 
assembly before take-off with Jet propulsion 

alone- 

. 
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. 

Fie.  S7 ~ View shovrinc setup used to neaaure the static 
thrust of the rroneller. 

41 

rig. 30 — View of first static test with two jet units 
firine. 

! 
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• 

PiC.   89 
- «Irrt taxi test «lth one Jet unit firing in 

ach assembly. 

after jet unit fa-lurc. 
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Wg.   41 — View of repairPi fuseUp 

' 

Fig.  42 ~ Ercoupo about to leave (-round on first 
take-off, Auf,uat 18, 1941. 



M HI» 

\ 
»C- *5       "out to l»v« t.» 

,       44 .. r.rcoul» *^> ,  on take 

I 



es 

Hg.  45 ~ Trcouoe assisted by a oriliar,,   jet  propulsion 
at starb of ollnb after take-off. 

1 

„  .   is - rreoupe Dasl.ted by aioclliari Jet nror-ulaion In 
olirfc after ta'-o-off. I 



CO 

-V.«    K-.KXii . • •.«itgAtfl«»k -„      _ 

I 
'    "•*•   • ^* ' ä 

«,    47 - Frcoune as.i.ted b:- auxiHary Jet rwopul.ior. 
G" in clii"b after tf.ke-of. 

; aft« r '.;-.'.c-off. 
,t, ' by :. ixiliar,'  jet   »iw'ilatoE 



fc'ic.  49 — lYcourio »ssjitcl by auxiliary jet nrorrjlaion 
l:c-off In 5f ft.  obstaole teat. climbing after take-off 

••      n   . TW-o-off of Ireoupo aaalated by'a.«iliary Jet 
?iC.   50 — *'c °      ° „J-B-la with a    orturficll air lane, propulsion citipart-a wim 



»'!;> 51 — View of none of Erneupe afte* propeller ' 
beer, removed. 

L(l 

,«f,.l to'-c-off of Vroouno with jot 
„,,. « — P..m of successful **-c ° 

L"     propulsion alone. 
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iiury jou proulaion in tosta. 
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TABLE H 
TEST DATA ON   BATCH SAMPLES 

No. 
RwNR 
TrH 

B*ICH 
No. 

DATI 
Or 

LMMNU 

pATE 
Or 

RUN 

HOTO« 
No. 

Nnzu 
Me. 

RtlATIW 
Hunioin 
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_ % 

RELATIVI 
Humwir 
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W, 
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•W " «2 /73-V/ 8-/3-9/ 2 a H/ ¥1 /.?/ II.O        ,  u 
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